The human 7SL RNA component of the signal recognition particle can be separated into four major conforreers by nondenaturing polyacrylamide gel electrophoresis.
INTRODUCTION
In ribonucleoprotein complexes RNA molecules not only provide support for proteins, but also are able to act as enzymes themselves, which has been demonstrated in the case of Ml RNA of RNase P (1) and the self-splicing of precursor ribosoraal RNA of Tetrahymena (2) . Conformational changes affecting the RNA have been postulated in order to fulfill the function of a ribonucleoprotein complex. Such dynamic changes are suspected to be relatively subtle in small molecules such as tRNA (e.g. 3) or quite extensive in larger molecules such as ribosoraal RNA (4, 5) or In messenger f?NA (e. 5.
6).
In the case of the larger RNAs "pseudoknots" (7) , "moving bulges" (8) and Z-RNA (9) are being discussed as possibilities to introduce major conformational changes.
Eukaryotic 7SL RNA, 300 nucleotides in length, functions in protein secretion as a component of signal recognition particle or SRP (10) . It has a size intermediate between the two size extremes mentioned above and therefore represents a suitable model system to study the role of alternative conformations in the function of the ribonucleoprotein particle.
The secondary structure of the 7SL RNA has been investigated using single strand and double strand specific nucleasea (11) and was established after comparing the primary sequences of human, Drosophila and Xenopus 7SL RNAs (12, 11, 13) using the compensatory base change approach (14) . The results of these studies are consistent with the possibility that the 7SL RNA molecule can assume more than one conformation. This is in agreement with the observation that human 7SL RNA can be separated into four major conformers of different mobility by electrophoresis through non-denaturing polyacrylaraide gels (14) . Moreover, preliminary experiments indicate that the removal of nucleotides between positions 125 and 175 of the 7SL sequence abolishes the ability of the RNA to assume different conformations (14) .
In order to define more precisely what sequences confer upon 7SL RNA the potential to assume alternative conformations,
we generated a collection of twelve human 7SL genes carrying discrete mutations in the central region of the 7SL coding sequence. These 7SL mutants were recovered after mutagenesis of the human 7SL gene 7L3O.1 using the random linker insertion approach (15) Autoradiograms from transcribed RNA which had been separated on non-denaturing polyacrylamide gels were performed after fixation of the gels in 50J formamide and drying of the fixed gel.
The x-ray film was scanned using a Helena Model 1053 Quick Scan apparatus. pairs lost from the wild-type DNA after DNasei-treatment and polishing of the ends varies from none (in the mutants 7 and 8) to 28 base pairs (in mutant 2). In five cases (mutants 5, 6, 7, 11 and 12) non-linker sequences have been inserted which in the mutants 6 and 7 appear to contain 7SL RNA specific sequences. Figure 1 also contains the sequence of a 44 base pair deletion mutant (Sma1-4O9) which was constructed previously (14 7 SL *«A.
32P-aGTP (20) . The products of transcription were analyzed by polyacrylamide gel electrophoresis as described in Material and
Methods. Analysis under denaturing conditions showed that all constructions were transcribed efficiently producing RNA3 of the expected size, which is dependent on the number of bases gained or lost in the mutant genes ( Figure 2 ) . An RNA-fragment larger than 7SL RNA was always observed in minor amounts and represents a vector-specific transcript.
Analysis of the conformers of wild-type and mutant RNAs
The ability of the wild-type and the mutant RNAs to adopt alternative conformations was determined by electrophoresis of the deproteinized transcription reactions through non-denaturing polyacrylamide gels. Figure  3 shows a representative example of this analysis. Localization of the mutations in the central part of the secondary structure of human 7SL RNA Figure 6 shows the central part of the human 7SL RNA secondary structure.
It contains the interactions deduced previously using the compensatory base change approach (14) . Four additional base pairs between the bases at positions 187 to 190 and 209 to 212 are Included, because they are supported by compensatory base changes but were not noticed previously. The locations of the various linker insertion mutations and of the deletion mutant Sma1-H09 are shown. As mentioned above, wild-type sequence are often deleted and the linker is simply inserted.
In contrast, in the the mutants 6, 7, 8 and 11 no wild-type sequences are lost and bases are only added at the locations indicated. A special situation can be noticed in the case of the mutations 6 and 7 which contain tandem repeats of 7SL RNA specific sequences, flanking the linker DNA. In both (14) in the secondary structure of the central part of the 7SL RNA. The sequences necessary for the ability of 7SL RNA to exist in more than one conformer are shown in boxes. Each mutant is marked with an encircled number which indicates the number of observed RNA conformers. In the case of mutants 6 and 7 two possibilities exist for inserting the additional bases into the wild-type 7SL RNA as is indicated by the two arrows because 7SL RNA specific sequences have been duplicated (see text).
mutants the possibility of an interaction between bases around position 180 and 218 in the secondary structure is retained.
In Figure 6 the bases necessary for the 7SL RNA to exist in more than one conformation are shown as boxed in regions.
They were identified as follows:
The RNA from mutant 1 shows two conformers in about equal amounts which have a mobility corresponding to the A-or B-conformer of the wild-type RNA. In contrast, the RNA from clone 2 which contains a larger deletion having lost 20 bases between U-85 and C-112, clearly shows only one conformer. We therefore conclude that the RNA containing the bases between positions 98 and 112 must have dynamic properties. Mutant 3 contains a very small alteration in the most conserved part of the 7SL RNA and causes the RNA to be in one A-like conformer. In Sma1-409 44 bases are deleted causing the loss of the stem and loop structure around position 150 .
The RNA from this clone can exist only in one conformer (14) . Only five bases of the interaction between bases around positions 125 and 168 are deleted in the Sma1-4O9 mutant. Nevertheless, this interaction is totally abolished, because it cannot exist without a hairpin loop.
No mutations were recovered between positions 134 to 143, but it is unlikely that these bases have dynamic properties because a phylogenetically conserved secondary structure is required for the upper part of the 150-stem while the primary sequence is very variable when human, Xenopus and Drosophila 7SL RNAs are compared (14) . In fact, the RNAs of the two mutations 4 and 5, also being located at the top of the 150 stem and loop, are able to exist in more than one conformer.
The RNA from clone 4 appears as three conformers, which all have a relatively high mobility.
As was mentioned earlier, 5 is the mutation which has a behavior very close to the wild-type RNA. Mutations 6 and 7 behave very similarly in showing two conformer3 each and contain a tandem repeat of bases necessary for the interaction between bases at the positions 180 and 218. Because no mutation was located between positions 182 to 206 we do not know if this region has dynamic properties (but see discussion below). The three mutations 8, 9 and 10 clearly belong to the group of alterations causing the RNA to be in one conformer. In these three cases a RNA-form with a mobility resembling a high mobility C-or D-form is adopted.
The mutation of clone 11 contains an insertion of thirteen bases between U-250 and G-251.
Its RNA nas a relatively low mobility (see Figure 5) .
The RNA from the mutant 12 again retains the ability of existing in two conformers which are related to the A-or B-forms.
In summary, nucleotides between positions 98 to 133 and 206 to 251 are necessary for the 7SL RNA to be able to assume alternative conformations, while changes at positions 85 to 97, In the discussion we will show that it is possible to correlate the mobility effects of the various mutations with particular secondary or tertiary structure features. Also the functional implications of a dynamic 7SL RNA molecule will be discussed below.
DISCUSSION

Construction and analysis of mutations in the central domain of 7SL RNA
We have analyzed the effect that thirteen different mutations in the central domain of human 7SL RNA exert on the ability of the RNA to adopt different conformations. Conformers of mutant and wild-type RNAs were separated on non-denaturing polyacrylamide gels. Two groups of mutants can be distinguished.
The first group contains mutations in the RNA which totally abolish its ability to exist in more than one conformer. The bases altered by these mutations must therefore be necessary for this property.
They are located in the "central T" in the secondary structure of the 7SL RNA which consists of a core of the dynamic parts of the molecule (see below).
The second group consists of mutant RNAs which still can be in at least two alternative electrophoretic forms. These alterations do not disrupt completely the dynamic properties of the 7SL RNA, but make the mutant RNAs behave somewhat differently from wild-type RNA.
They are located outside of the dynamic core structure; typical examples are the mutations located in the upper part of the stem-loop structure around position 150 (clones 4 and 5).
It is interesting to note that the other arm of the "T" (bases 176 to 232) consists mainly of dynamic sequences, with perhaps the exception of a few bases around position 200. The dynamic sequences coincide with the bases which are pnylogenetically conserved (14) . It is plausible that the selective pressure is higher on the conservation of sequences which have multiple interactions, compared to the conservation of an isolated stem-loop structure. Interestingly, also viroid RNAs contain a centrally located conserved secondary structure feature with eight base pairs and one buldged base which might adopt an alternative conformation (24) .
We also observe that certain mutations cause the RNA to adopt a mobility similar to the mobility of the A-or Bconformer, while others alter the RNA-conformation such that a relatively high mobility form is adopted, resembling more a Cor D-conformer.
In several cases overlapping mutations (Sma1-409, 4 and 5 or 6 and 7), mutations located next to each other (8 and 9) or located on opposite strands in the secondary structure of the RNA (1 and 12) have the same effect onto the mobility and the capability of the RNA to occur in more than one conformer. These mutations therefore support the proposed secondary structure model of the 7SL RNA (14) . It also should be noted that very small alterations, such as those of the mutants 3 and 10, can have a profound effect on the RNAmobility.
We assume that such a mobility change is reflecting a major change of the conformation of the RNA.
For example, the RNA from the mutation 3 exists as a single A-like conformer while the RNA from the mutation 10 behaves like an D-conformer. These findings make it likely that a small change in one part of the RNA can induce more drastic changes in some other parts of the molecule which are not directly affected by the alteration. It can be suspected, that also many other medium size or large RNA molecules might show major structural changes triggered by a small alteration in the base pairing scheme.
The RNA from mutation 11 show3 only one conformer although it is located "inside" mutation 12 which show3 clearly two conformers. This could be explained by the fact that mutant 11 is located in a single stranded region of the RNA which is not altered by mutation 12. Interestingly, the altered region in mutant 11 is located at the position of the secondary micrococcal nuclease cut which affects the function of the the signal recognition particle in an JLn vitro assay (23). It is possible that the bases around position 252 are important for the RNA to adopt different conformers and also to exhibit SRP-activity. From this and other results we conclude that alternative conformations might be required for the function of the signal recognition particle (see discussion below).
Correlation of the alternative conformers of 7SL RNA with particular secondary and tertiary structure features
The dynamic sequences identified above are part of a dynamic core structure which is presented in Figure 7 -In addition to the interactions seen in the secondary structure of It should be noted that the sequence CUCCCGUGCUGA from the "organizer" was never found to be accessible either to single or double strand specific nucleases and must therefore be hidden in the dynamic core structure. Bases at the positions 107 and 108 have been found to be accessible both to single strand specific as well as to double strand specific nucleases, which is in agreement with a dynamic involvement of this part of the 7SL RNA (11).
The dynamic property of the central part of the 7SL could play a role during transcription and/or the assembly of the signal recognition particle. Also, the possibility exists that alternative forms are adopted during the function of the SRP in the translocation of polypeptides across the membrane of the endoplasmic reticulum. This latter possibility is supported by the observation that a sequence homology exists between bases located in the dynamic core structure in 7SL RNA and 5S
rRNA(h-1 and h-2), suggesting that both molecules may interact with the same or a similar target on the 26S and/or 18S ribosomal RNA (14) . In this context it is worth mentioning that only the eukaryotic 5S rRNAs (and not the prokaryotic 5S rRNAs) possess an extra "moving bulge" (8) at the location of the h-1 and h-2 sequences (Figure 7 ) which would enable this part of the 5S rRNA to move away from its "normal" location and make this place available for the homologous 7S1 RNA sequences.
In support of a dynamic involvement of 7SL RNA in SRP-function is also the fact that mutation 11 abolishes the appearance of alternative conformations. As was mentioned above, a cut of the RNA by micrococcal nuclease at the position in which the RNA is altered in mutant 11 also affects the activity of SRP in an in. vitro protein translocation assay (23).
We have shown that the technique of site directed mutagenesis and the analysis of the properties of altered molecules, can provide valuable information about the structure, dynamics and function of 7SL RNA. In connection with functional studies of specifically altered particles this approach will prove to be useful in the understanding of th<;
role of the SRP in protein translocation.
